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The Short-Backfire Antenna

Backfire antennas discussed, (1] to [6],
are characterized by the multiple reflection
of electromagnetic waves between two
plane reflectors of different size, with the
energy being bound to the longitudinal an-
tenna axis by a slow wave structure. A
sketch of a typical backfire antenna is
shown in Fig. 1; Af marks the larger, R the
smaller of the two plane reflectors that are
arranged parallel to each other and trans-
verse to the longitudinal antenna axis. The
D’s indicate a row of dipole elements that

constitutes the slow wave structure. The
spacing L between the plane reflectors Af
and R is also the total axial length of the
backfire antenna.

The open region between the plane re-
flectors acts similarly to a laser cavity [5],
[6], with a standing-wave field distribution
along the axis. The energy is radiated off
through the aperture plane VV which
passes through reflector R. Optimized con-
ditions, which include optinmum adjustment
of height and spacing of the dipole elements
D as well as of the size of the reflectors M
and R, yield a gain increase of 6 dB abovean

equal-length endfire antenna. For larger
backfire antennas an even higher increase in
gain is possible if stacked reflectors are
used [S], [6].

Until very recently, only backfire an-
tennas that were at least one wavelength
long had been investigated. As a result of
more recent work, however, an even shorter
backfire antenna—in fact, the shortest one
at all conceivable (approximately 0.5 A
long)—has awakened an interest all its own.
This “short-backfire” antenna is so com-
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Backfire anienna siructure.

Fig. 1.
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pact that practically all of the energy radi-
ated into the cavity is intercepted by re-
flectors M and R. Over such a short dis-
tance, a slow-wave structure would he of no
help in trapping the energy, and is therefore
not used. The new nntenna thus consists of
only the plane reflectors M and R, spaced
approximatelv half a wavelength apart, and
the feed between them. Although its basic
structure is still recognizably that of the
backfire antenna, the short-backfire an-
tenna differs so noticeably in design princi-
ples and specific constructions described,
[1] to [6], as to justify a special name.

A photograph of an S-band short-back-
fire antenna model for 3000 MHz (A=10.0
cm) is shown in Fig. 2(a). The diameter of
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Fig. 2.  S-band mode!

(b)

short-backfire antenna. (a) Ancenna siruclure

(b) £- and H-plane pattern for 3000 MUz,

the larger reflector (M) is 2.0 A; the smaller
reflector (R) is a circular metal disk 0.4 A in
diameter, spaced 0.5 A from the larger re-
flector. It offers the advantage of being
insensitive to the polarization of the feed,
which may consequently be linear in any
direction, circular or crossed. The width of
the rim surrounding reflector M is 0.25 A.
Either reflector conld be made from solid or
perforated sheet material, or any other
structural design equivalent in reflectivity.
The configuration of the short-backfire
seeiis to be somewhat similar to that of the
“reflex” antenna developed by G. v. ‘I'rentini
[7]. However, the two antennis are based on
quite different principles and also differ
essentially in structure. The reflex antenna
applies multiple reflection between a total re-
flector and a partial one of equal area that
usually consists of a number of parallel
metal rods or strips, the radiating aperture
being defined by the structure and reflec-
tivity of the partial reflector. In contrast the
two reflectors of the short-backfire antenna
(M and R) differ radically in area (area
ratio between 15-to-1 and 30-to-1), with the
smaller reflector (R) in its simplest form
consisting of a solid metal disk; the radiating
aperture forms in the area surrounding the
smaller reflector and extends—undisturbed
by metal rods or strips—even beyond the
cross-sectional area of the larger reflector, as
an experimental nearfield study has shown.
The gain of the short-backfire antenna of
Fig. 2(a) was measured to be 13.1 dB above
a dipole, or 15.2 dB3 above isotropic at 3000
MHz. 1ts 360° patterns in Eand [f plane are
presented in Fig. 2(b). Rather remarkably,
all sidelobes in the patterns are at least 20
dB below the maximum in the E as well as in
the I} plane, and the backlobe is far below
25 dB, the lowest level that shows in these
patterns; further measurements indicated
that it is in fact more than 30 dB below the
maximum. These “clean” patterns were ob-
tained over a frequency range of I-to-1.4.
Because therelatively high gain of theshort-
backfire is mainly due to the higher direc-
tivity in the / plane, this antenna type is
especially sunitable for the reception of hori-
zontally polarized fields on or near ground.
The progress achieved with the new an-
tenna structure ean best be demonstrated
by comparing it with the Yagi as the most
frequently used endfire. A eonventional Yagi
with a gain of 15 dB isotropic has to be about
4.0 A long, and needs 15 to 20dipole elements.
The patterns of gain-optimized Yagis have
relatively high sidelobes, however, especially
in their H-plane patterns. To obtain pat-
terns comparable to the low side—and back-
lobe patterns of the short-backfire, the
number of reflectors and the axial length of
the Yagi (number of directors) would have
to be markedly increased, and the directors
would require tapering to lower heights
toward the radiating antenua termination.
In Fig. 3 the short-backfire antenna (a) and
Yagi (b), both constructed to have the same
gain and wbout the same pattern quality,
are shown to the same scaling factor so that
they can be directly compared in size and
material requirements. Although the re-
flector area of the short-backfire antenna is
larger than that of the Yagi, and in addition
a second small reflector is needed, the an-
tenna length is less than one-tenth that of
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Fig. 3. Comparison of the physical structures of a
short-backfire antenna and a Yagl with approx|-
mately the same patternsand gain (15 d B above lso-
tropic). (a) Short-backfire antenna. (b)Yagi antenna.

the Yagi and the number of dipole elements

is only 1 in contrast to 27 elements for the

Yagi (including § reflector dipoles not
shown).

H. W. EnreNsprck

Air Force Cambridge Research 1abs.

1.. G. Hanscom Field,

Bedford, Mass.
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